In this report we examine the change in citation behavior since the introduction of the arXiv e-print repository (Ginsparg, 2001) . It has been observed that papers that initially appear as arXiv e-prints get cited more than papers that do not (Lawrence, 2001; Brody et al., 2004; Schwarz & Kennicutt, 2004; Kurtz et al., 2005a , Metcalfe, 2005 . Using the citation statistics from the NASA-Smithsonian Astrophysics Data System (ADS; Kurtz et al., 1993 Kurtz et al., , 2000 , we confirm the findings from other studies, we examine the average citation rate to e-printed papers in the Astrophysical Journal, and we show that for a number of major astronomy and physics journals the most important papers are submitted to the arXiv e-print repository first.
papers. So it is not open access that affects citations, but early access -a theory they said was supported by the fact that astronomers have no problem getting access to papers. "Because the marginal cost of being an astronomer with access to the core literature is so much lower than the cost of being an astronomer in the first place, it is reasonable to postulate that essentially all astronomers have access to the core literature."
Using various statistical analyses, the Kurtz group was able to identify the additional effect of their SB (self-selection bias) postulate. They found that there are significantly fewer papers that have not appeared as e-prints in the top 200 most cited papers than they would have expected based only on their OA and EA postulates. Their conclusion was that "because papers in the arXiv are not refereed ... this suggests that authors self-censor or self-promote, or that for some reason the most citable authors are also those who first use the new publication venue".
Building on Kurtz et al.
Our report focuses on fact finding, and through fact finding we support the findings by the Kurtz group. We concentrate on showing that there is a significant difference between papers that appear as arXiv e-prints and papers that do not --the amount of citations received by papers in each group. We limit our analysis to four major astronomy journals (The Astrophysical Journal, including Letters and Supplement Series, The Monthly Notices of the Royal Astronomical Society, Astronomy & Astrophysics, Proceedings of the Astronomical Society of the Pacific) and two physics journals (Physical Review and Nuclear Physics). We found a major difference between the normalized citation rate for papers from the pre-arXiv era and papers that have been offered as e-prints in the arXiv repository. Furthermore, based on a dataset of the Astrophysical Journal in the periods of 1985 through 1987 and 1997 through 1999, we follow the citations for traditionally published papers and e-printed papers.
Data
We base our analysis on citation data in the Astrophysics Data System database, which are nearly 100% complete for the core astronomy journals. We cannot claim to be as complete for the physics journals, but the citation data for the physics journals used in our report is complete enough to contain a truthful representation of the trends we are investigating, which are the same in astronomy and physics. The citation data in the ADS database are obtained by resolving the references in papers, when available, and by user submission. The process of reference "resolving" means parsing publication source data from a reference string and attempting to associate these with a bibliographic record already present in the ADS (see Accomazzi et al., 1999) .
As part of the ADS, we create a mapping or concordance between the arXiv e-print identifier and the identifier with which the published journal paper is known within the ADS (the "bibcode"). This process of bibcode matching uses the metadata in the entries on the arXiv (title, author names, submission information) to match the e-print with an existing ADS entry. Since in our report we look at e-prints that have been published in journals (with a granularity of one month), this concordance should ideally represent a 100% match for our dataset. Unfortunately, titles and sometimes author lists have changed by the time a paper is published in a journal. From spot checks and from reviewing the list of the 200 most cited papers we estimate that in reality the concordance achieved by the ADS is around 98% (see Kurtz et al., 2005a) . This amount of incompleteness seems to have no influence on any of the outcomes of our findings, however.
Results

The evolution of e-printing
While journal policies and practices on e-printing may vary by discipline (see e.g. Schwarz & Kennicutt, 2004) , for our purposes we merely looked at overall trends within astronomy and physics. Figure 1a shows the percentage of e-printed papers in a number of major astronomy journals from 1992 through 2004. Figure 1b shows it for a number of physics journals (see Appendix A for the journal abbreviations used). Figure 2 shows the results for this top 100. We see that in astronomy, with exception of Publications of the Astronomical Society of the Pacific (PASP) and The Astrophysical Journal Supplement Series (ApJS), over 90% of the papers of the top 100 have been e-printed, and the figure is close to 100% for Monthly Notices of the Royal Astronomical Society (MNRAS). In the case of physics we see that the Journal of Chemical Physics (JchPh) does not have a significant e-printing culture, meaning that very few papers in JChPh are submitted to the arXiv. It falls outside the scope of this paper to investigate reasons behind this phenomenon. A number of studies show that e-printed papers get cited more often than papers that have not been e-printed. We illustrate this phenomenon using slightly different statistics. In our first example we determine the number of citations per paper two years after the paper has been published.
Citations from e-prints are not contributing to these statistics; we follow only citations published in papers in journals. We detrmine this number for papers published in the period of 1982 through 2002. Specifically, we will determine this number for papers published in Astrophysical Journal (ApJ) and Publications of the Astronomical Society of the Pacific (PASP). This comparison is also made for papers published in Physics Review D (PhRvD) and in Physics Review B (PhRvB). The results are shown in figures 3a and 3b, respectively. Figure 3b . Number of citations per paper two years after publication for PhRvB and PhRvD Figure 3a shows that with the introduction of the arXiv e-print repository in 1992, the number of citations per paper after two years starts to increase for ApJ. Although the number increases slightly for PASP as well, it is not as drastic as for ApJ. The reason is probably a combination of factors: subject matter (this journal has more emphasis on instrumentation and catalogs), a lower fraction of e-printed papers and a smaller audience. Other journals contain more papers on trendy, "hot" topics , which on average get more citations. Figure 3b shows that the number of citations per paper after two years starts to increase for PhRvD, while for PhRvB this number stays rather constant.
Another way of looking at the impact of e-printing is to select a period of time and determine the number of citations after publication as an ensemble average. For our report, we have taken all ApJ papers published from 1985 through 1987, and 1997 through 1999. We follow the citations to these papers for five years after publication of the paper. The period of 1985 through 1987 has been included as a comparison; it is in the pre-arXiv era. We determined how many citations an e-printed paper acquires on average as a function of time after publication, normalized with respect to the mean number of citations over the period of five years (over the entire dataset). We determine the same for papers that were not e-printed. The result is shown in figure 4 . Figure 4 shows that ApJ papers from the period 1997 through 1999 that were not e-printed follow the same citation trend as papers before the introduction of the arXiv. Just as in figure 3, figure 4 shows that the introduction of e-printing had a significant influence on citation rates. Our figure agrees with Schwartz and Kennicutt's observation (2004): "on average, ApJ papers posted on astro-ph are cited more than twice as often as those that are not posted on astro-ph". Figure 4 shows that we can extend this observation to ApJ papers from the pre-arXiv era. Figure 5 illustrates the correlation between "reads" (which stands for an "access" to the bibliographic record of a paper) and citations. E-printed ApJ papers are cited more and read more.
Discussion and Future Research
Since the introduction of the arXiv e-print repository, the percentage of e-printed papers has risen sharply for the astronomy and physics journals tracked in this paper (figure 1). When papers are sorted by month and citation count we take the top 100 of this list, we can see that this percentage rises even more sharply (figure 2). Figures 3 through 5 show significant increases in citation rates as a result of e-printing. Since the number of citations per paper two years after publication is closely related to the ISI Journal Impact Factor (Garfield 1972) , figure 3 can be seen as the increase in the Journal Impact Factor after the introduction of e-printing. Figure 5 shows the strong correlation between "reads" and citations (see Kurtz et al. 2005b) . Papers that appear as e-prints are both cited more and read more than papers that do not appear as e-prints. Our figures show that the effect of e-printing on citation rates in astronomy and physics is significant, which supports results obtained in the other studies cited.
We mentioned that Kurtz et al. (2005a) established that the higher citation rate of e-printed papers cannot be explained by assuming earlier availability (the EA postulate) as the sole reason. The authors' appraisals of the quality of the papers is an additional motivation to offer them to the arXiv repository prior to publication in a journal. The fact that we see higher citation rates for e-printed papers supports the Kurtz group's observation. This means that the best papers in astronomy appear as e-print first. If in a broad sense bibliometric trends in astronomy are typical for bibliometric trends in other disciplines, we feel that it is safe to say that the best physics papers also first appear as e-prints in the arXiv repository.
As indicated in Kurtz et al. (2005a) , there might be additional effects contributing to increased citation rates (besides the three effects studied). For example, there may be a contribution of electronic publishing in general. The astronomy journals referenced in this paper introduced their electronic journals in the late 1990s, and the physics journals in the early 2000s. Although we do not have data in this study to support any evidence, we would expect that the higher probability of finding a paper using a search engine argues in favor of increased citation rates. For this same reason, there might be a contribution of sophisticated gateways to the online scholarly literature, like the ADS. Lawrence (2001) argues that articles available through open access sources have an increased readership (because of a higher probability of finding them), which leads to higher citation rates. On the other hand, putting back issues online for the core astronomy journals in the ADS did not increase citation rates to papers in those back issues. In addition, electronically published journals often still have high subscription fees, making them available only to well-funded disciplines. The influence of the electronic version of, say, the Astrophysical Journal on citation rates (if any), will probably be small compared to the contribution of the early access effect, and therefore difficult to detect. A researcher would have to study a journal without a significant eprinting culture that switched over to electronic publishing to fully analyze the influence. This falls outside the scope of this paper.
In future work we will look at additional impacts of e-printing, readership and citations of e-prints before and after the publication of the paper and we will use the complete ADS citation database for astronomy to analyze citation distributions.
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